Viable isolated exocrine cells have been obtained from guinea-pig pancreas by a tissue dissociation procedure using crude collagenase (EC 3.4.4.19) 
50-60%, based on recovered DNA, and about 90% of the population consists of exocrine cells which, although rounded up, retain their in situ polarity with regard to regional distribution of zymogen granules and specializatiork of the former luminal plasmalemma. The isolated cells incorporate labeled amino acids into proteins at linear rates for at least 4 hr at levels comparable to pancreatic slices in vitro; more than 95°% of the exocrine cell population is active in this process, as shown by autoradiography. It response to secretogogues at optimal doses (100 AM carbamylcholine; 0.1 MM pancreozymin, or 0.f01 AM caerulein), the cells discharge up to 30% of their content of pulse-labeled secretory proteins to the medium over a 3-hr period; in the same time, the controls release about 5% of their content. The results indicate that isolated exocrine cells are capable of synthesizing the processing secretory proteins, and of responding directly to cholinergic and peptidic secretogogues.
Recent studies in our laboratory on the synthesis, intracellular transport, and release of secretory proteins have been performed with guinea-pig pancreatic slices or parotid lobules incubated in vitro at 370 (1, 2) . Since certain aspects of our work require an analysis of the secretory process at the level of individual cells, we have developed a tissue dissociation procedure with which it is possible to isolate single exocrine cells from the guinea-pig pancreas (3) . For this purpose, three requirements had to be met. The technique should (a) produce a high yield of viable cells stable to subsequent manipulations; (b) be simple and reproducible, and (c) avoid prolonged exposure to protease activity, common to many tissue dissociation procedures. This last requirement is particularly important if hormone receptors on the cell surface are to undergo minimal damage (4, 5) . With (8) , amylase activity (9, 10), and general protease activity against Azocoll (11) and casein (12) were determined by the indicated procedures.
Microscopy. Cells were fixed in suspension for light and electron microscopy with 1% OS04 in 0.1 M Na cacodylate (pH 7.4) containing 2.5 mM CaCl2 and 1.2 mM MgCl2. Before embedment in Epon, cells were stained with 0.5% Mg uranyl acetate in 0.9% NaCL. Specimens for autoradiography were not treated with uranyl acetate. For electron microscopy, the sections were doubly stained with uranyl acetate and lead citrate; for light microscopy, 0.5-MAm sections were stained with 1% methylene blue in 1% borate. Light microscopy autoradiograms were prepared as described in ref. 13 .
RESULTS

Dissociation technique
Dissociation of the tissue involves two sequential digestions with collagenase-hyaluronidase, with an interposed chelation of divalent cations by EDTA, and is completed by application of mild shearing forces produced by gentle pipetting. The progress of the dissociation is monitored systematically by phase-and differential interference-contrast microscopy. The steps in the procedure are as follows: (a) First digestion: The pancreas is trimmed free of fat and mesentery, and 4.8 ml of the enzyme mixture (0.75 mg of crude collagenase per ml and 1. Fig. 2 ) showed that about 90% are exocrine cells, the remainder consisting primarily of endocrine cells and a few duct cells. Differential interference-contrast microscopy of living exocrine cells (Fig. 1) Electron microscopy of thin sections of fixed and embedded pellets of cell suspensions shows that the limiting plasmalemma retains its in situ specialization and polarization. The former luminal plasmalemma, which is identifiable by its microvilli, overlies the cytoplasmic zone containing the granule population (Fig. 2) . This portion of the cell surface is frequently delineated laterally by remnants of tight junctions, some of which are attached to cytoplasmic blebs derived from neighboring cells. The remainder of the cell periphery is bounded by a unit membrane devoid of adherent basement membrane. Other cell organelles characteristic of exocrine cells also retain their in situ polarity and are well preserved, but an apparent increase in the number of condensing vacuoles is frequently detected.
Functional Studies. Integrity of function of the isolated cells was assessed by measurement of the rate of incorporation of labeled amino acids into protein and by testing for secretogogue responsiveness. For this purpose, double-label experiments of the type shown in Figs. 3 the monitoring of protein synthesis in the same samples over the 4-hr period. As can be seen (Fig. 4) , the majority of the label incorporated is localized to exocrine cells. Consequently, the radioactivity data pertain mainly to this cell type.
As shown in Fig. 3 , the isolated cells incorporate [14C]leucine into proteins at a linear rate for the first 3 hr, the rate diminishing somewhat over the last hour. The amount of leucine incorporated is about double that previously obtained with guinea-pig pancreatic slices (10) . Maximal doses of carbamylcholine and pancreozymin slightly inhibit incorporation, as already noted with the pancreatic slices.
Separate autoradiographic experiments in which cell suspensions were labeled continuously with [3H]leucine for 50 min showed that about 95% of the exocrine cells are marked by high concentrations of autoradiographic grains and, hence, are active in protein synthesis (Fig. 4) . Although the grains are, as expected, distributed over the cytoplasmic area occupied by the endoplasmic reticulum, the majority is localized to the Golgi region, with some over zymogen granules, indicating that the isolated exocrine cells are capable of transporting and concentrating secretory proteins. Nonexocrine cells incorporate little label.
The discharge pattern if the isolated cells is shown in Isolated Exocrine Cells charge is approximately linear over 3 hr, at which time about 30% of the pulse-labeled proteins appear in the mediumt. Over the same time, about 5% of the label from controls is discharged. Discharge of amylase parallels that of radioactive proteins. Caerulein and carbamylcholine both produce sigmoidal log-dose-response curves (Fig. 6) . The concentrations of secretogogues eliciting optimal responses in the single cells are, however, 4bout 10 times greater than those required for maximal responses in pancreatic slices. ' Collagenase batches with higher protease activity (up to twice) than usual gave cells with proportionately lower responses to secretogogues (down to 65%), without affecting cell yields and rates of protein synthesis. The point is exemplified by a comparison of Figs. 5 and 6 . The maximal dischargeresponses shown in Fig. 6 are about 40% lower than those obtained in Fig. 5 ; this is most likely due to the 20%o higher protease (i.e., caseinase) activity in the collagenase batch used to prepare the cells.
DISCUSSION
Although our procedure for dissociation of a pancreas into single cells was developed empirically, certain aspects of it are well defined. Successful dissociation requires a minimal level of proteolytic activity supplied by the proteases present in crude collagenase, since pure collagenase and hyaluronidase alone, even at double activities, are not effective. Dissociation is, however, possible if a protease such as chymotrypsin is used in conjunction with pure collagenase and hyaluronidase (unpublished observations). That the proteolytic activity in our procedure is supplied only by crude collagenase is indicated by the fact that no increases in activity against Azocoll above that present in the initial enzyme mixture can be detected over the course of 'dissociation; this also demonstrates that soybean trypsin inhibitor prevents activation of endogenous proproteases liberated from damaged cells. Omission of soybean trypsin inhibitor results in substantial increases in total proteolytic activity by the end of the procedure. Finally, decreasing the time of incubation with the standard enzyme concentrations leads to inefficient dissociation, while increasing the concentration of crude collagenase 5-fold results in uncontrollable dissociation and eventual cell death.
Although neither hyaluronidase nor EDTA are obligatory for our dissociation procedure, both facilitate it. Thus, hyaluronidase reduces the pipetting forces'required at the last step and leads to a less cohesive cell suspension (14) . For economy, crude hyaluronidase was used throughout, although pure hyaluronidase is also effective.. Both types of hyaluronidase are devoid of detectable proteolytic activity. If EDTA is reduced to 0.2 mM or omitted, longer digestion and stronger shearing forces are needed to achieve dissociation, which is obtained at the price of reduced yield. Introducing the chelator at the end of the procedure results in unsatisfactory cell preservation. The efficacy of EDTA in promoting dissociation is most likely related to the role of divalent cations in maintaining cell contact, although tight and gap junctions are unaffected by the chelator (e.g., Fig. 2) (7, 15) .
The isolated exocrine cells, although rounded up, maintain the main structural features found in the intact tissue. Of interest is the retention of regional specialization of that part of the bounding plasmalemma that represents the former luminal surface in situ. Whereas in the intact acinus the luminal surface is separated physically from the rest of the plasmalemma by junctional complexes rimming the cell circumference and connecting neighboring cells, in the isolated cells these contact points are lost or reduced to remnants of tight junctions in which cytoplasmic fragments from adjacent cells are involved. Since this topical specialization is retained for several hours in the isolated cells, it is evident that the apical surface is separated physically from the remainder of the plasmalemma, for otherwise lateral diffusion and intermixing of membrane components should rapidly obliterate its morphologic identity.
The isolated cells maintain the main functional characteristics of the intact exocrine tissue in vitro. Aminoacid incorporation rates-in cells-exceed those of guinea-pig pancreatic slices (10) , due in part to better accessibility to precursors. The secretory rate of the isolated cells, however, is only 30-50% that of the intact tissue in vitro (10) . Although the reason for this difference is not clear, it may be related to destruction or decrease in affinity of hormone receptors that occurs during dissociation, as suggested by the lower secretory responses found in cells prepared with batches of collagenase containing higher protease activity. Other causes may include defects in intracellular transport and discharge, or inadequate substrate concentration to support these activities at optimal rates.
Finally, the data indicate that the receptors for the two main classes of pancreatic secretogogues (cholinergic agents and peptide hormones) are directly associated with the exocrine cells. Since the entire plasmalemma of the isolated cells is exposed and available for study, this system should lend itself to a detailed examination of the topographic distribution of hormone receptors on cell surfaces.
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